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I. INTRODUCTION 

The Honolulu Laboratory,  Southwest F i s h e r i e s  Center ,  Nat iona l  Marine 
F i s h e r i e s  Serv ice  (NMFS) i s  as ses s ing  the  s tocks  of sp iny  l o b s t e r ,  Panu l i rus  
marginatus ,  a snapper (Lut jan idae)  and grouper (Ser ran idae)  complex of bottom 
f i s h e s ,  t he  Hawaiian monk seal, Monachus schau ins l and i ,  and the  green t u r t l e ,  
Chelonia -9 mydas i n  the  Northwestern Hawaiian I s l a n d s  (NWHI). 

The NWHI i s  an area of r e e f s ,  banks,  and i s l a n d s  loca ted  northwest of 
Honolulu s t r e t c h i n g  from Nihoa I s l a n d  1,250 nmi northwest t o  Kure A t o l l .  
The sp iny  l o b s t e r  and bottom f i s h  resources  support  a modest f i s h e r y  i n  t h e  
NWHI. The monk seal is  an "endangered" spec ie s  breeding only i n  the  NWHI 
and the  green t u r t l e  i s  considered a " threatened" spec ie s  under t h e  U.S. 
Endangered Spec ies  A c t .  

A. Spiny Lobs ter  

The spiny l o b s t e r  f i s h e r y  began i n  1975 when the  NOAA s h i p  
Townsend Cromwell, a r e sea rch  sh ip  assigned t o  the  Honolulu Laboratory,  
documented good ca t ch  rates of sp iny  l o b s t e r ,  a t  t he  lower end of t h e  
cha in .  
t he  ca t ch  has increased  and he cu r ren t  ca t ch  f o r  1981 i s  es t imated  a t  
300,000 kg (Skillman and I t o  ). 
r a i s e d  concern t h a t  ove r f i sh ing  may occur and work t o  develop a f i s h e r y  
management plan (FMP) w a s  i n i t i a t e d  by the  Western P a c i f i c  Regional F i she ry  
Management Council (WPRFMC). The Honolulu Laboratory has con t r ibu ted  t o  
t h i s  FMP by undertaking work to:  1) Determine the  d i s t r i b u t i o n  of t h e  
r e source  throughout t he  NWHI cha in ,  and 2 )  estimate the  s u s t a i n a b l e  y i e l d  
of t he  resource.  The da ta  a v a i l a b l e  f o r  t hese  ana lyses  c o n s i s t  of sampling 
d a t a  co l l ec t ed  on r e sea rch  c r u i s e s  of t he  Townsend Cromwell, and some 
commercial ca t ch  and e f f o r t  da ta .  

I n  1975 t h e  commercial ca t ch  w a s  2,000 kg. Each subsequent year  

f The rap id  development of t h i s  f i s h e r y  has 

The da ta  c o l l e c t e d  by t h e  Townsend Cromwell r ep resen t  a system- 
a t i c  sampling survey wi th  ca t ch  and e f f o r t  da t a  c o l l e c t e d  from 0.1' squares  
around the  banks and i s l a n d s  of t h e  NWHI. This  catch-per-uni t -effor t  
(CPUE) d a t a  were used t o  prepare c h a r t s  of t he  r e l a t i v e  abundance of t h e  
sp iny  l o b s t e r  s tock  throughout the  NWHI (Uchida e t  a l .  1980).  

The e s t ima t ion  of s u s t a i n a b l e  y i e l d  f o r  the  reg ion  w a s  based on 
t h e  commercial ca t ch  and e f f o r t  da t a  base. There c u r r e n t l y  is  no regula- 
t i o n  t h a t  r equ i r e s  commercial v e s s e l s  t o  r epor t  t h e i r  ca t ch  and e f f o r t  and, 
hence,  on ly  an i n t e r m i t t e n t  ca t ch  and e f f o r t  da t a  series submitted on a 
voluntary  b a s i s  w a s  a v a i l a b l e .  While the  ca t ch  and e f f o r t  t i m e  series were 
too  shor t  and sporadic  f o r  su rp lus  product ion a n a l y s i s ,  a series of ca t ch  
and e f f o r t  da t a  which represented i n t e n s i v e  t rapping  appl ied  t o  a pre- 
v ious ly  unexploi ted populat ion w a s  a v a i l a b l e  f o r  a n a l y s i s .  Based on t h i s  
i n t e n s i v e  ca t ch  and e f f o r t  d a t a ,  an estimate of p r e e x p l o i t a t i o n  populat ion 
s i z e  (No) and c a t c h a b i l i t y  ( q )  could be obtained by computing a r eg res s ion  
of CPUE on cumulative ca t ch  ( L e s l i e  method, Ricker 1975, p. 150) .  

'Skillman, R. A . ,  and B.  M. Tto. 1981. The present  s t a t u s  of t he  
sp iny  l o b s t e r  f i s h e r y  i n  Hawaiian waters. Southwest F ish .  Cent . ,  Honolulu 
Lab., Natl. Mar. Fish .  Serv. ,  NOAA, Admin. Rep. H-81-7, 4 p.  
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Another approach t o  estimate p r e e x p l o i t a t i o n  biomass w a s  appl ied  
t o  d a t a  c o l l e c t e d  from Necker I s l a n d  a t  the  lower end of t he  cha in  where 
much of t h e  ear l ier  commercial e f f o r t  was d i r e c t e d .  This  approach w a s  
based on a method proposed by Allen (1966) i n  which populat ion s i z e  and 
c a t c h a b i l i t y  are est imated i n  a manner which minimizes the  sum of squares  
between the  a c t u a l  ca t ch  and the  pred ic ted  ca t ch ,  given e f f o r t .  I n  i ts  
most genera l  form, t h i s  model assumes t h a t  t he  rate of n a t u r a l  m o r t a l i t y  i s  
cons t an t  while recru i tment  may vary  over t i m e .  This  most genera l  form 
r e q u i r e s  t h a t  t he  use r  supp l i e s  estimates of t he  n a t u r a l  m o r t a l i t y  and 
recru i tment  rates. We d id  not  have any estimate of recru i tment  ra te  and 
hence modified Al l en ' s  model. We assumed t h a t  the  r a t i o  of t he  rate of 
n a t u r a l  m o r t a l i t y  t o  the  recru i tment  rate w a s  cons tan t  over t he  2-year 
per iod f o r  which d a t a  were a v a i l a b l e .  This  r a t i o  toge ther  wi th  popula t ion  
s i z e  and c a t c h a b i l i t y  are then est imated by leas t  squares .  Appl ica t ion  of 
t h i s  method t o  24 months of commercial ca tch  and e f f o r t  d a t a  from Necker 
I s l a n d  produced estimates of c a t c h a b i l i t y  and populat ion s i z e  which were i n  
agreement with the  estimates obtained from t h e  same s i t e  by an i n t e n s i v e  
f i s h i n g  a n a l y s i s  (Polovina and Tagami 1980).  

Once p r e e x p l o i t a t i o n  populat ion s i z e ,  and hence biomass, were 
obtained f o r  s e v e r a l  areas where r e sea rch  sampling CPUE d a t a  were 
a v a i l a b l e ,  a l i n e a r  r eg res s ion  of biomass per u n i t  area on r e sea rch  
sampling CPUE w a s  used t o  ob ta in  on estimate of t o t a l  biomass f o r  the  
e n t i r e  NWHI. 
rough approximations of l o b s t e r  maximum s u s t a i n a b l e  y i e l d  (MSY) f o r  t he  
NWHI were obtained based on Gulland 's  (1971) r e l a t i o n s h i p :  

Based on t h i s  t o t a l  estimate of p reexp lo i t a t ion  biomass (Bo), 

MSY = M Bo/2 

where M = annual ins tan taneous  n a t u r a l  m o r t a l i t y ,  

and a method proposed by Pauly (1981 ): 

- -0.26 

2 

0 
MSY = 2.3 w 

where w is  def ined as the  average of t he  weight a t  f i r s t  ma tu r i ty  and t h e  
maximum weight of t he  l o b s t e r  i n  the  populat ion ( i n  grams). 

To estimate n a t u r a l  m o r t a l i t y  (M) f o r  Gul land ' s  r e l a t i o n s h i p ,  t h e  
fol lowing r e l a t i o n s h i p  (Beverton and Hol t  1956) w a s  used on d a t a  obtained 
a t  sites with l i t t l e  o r  no f i sh ing :  

F+M = K(L 

where E i s  the  mean carapace length  from the  t rappable  populat ion,  Lmin i s  
t h e  minimum carapace l eng th  from the  t rappable  populat ion,  and K and L are  
the  parameters from the  von Ber t l an f fy  growth equat ion  which w e r e  es t imated 
from modal a n a l y s i s  of length-f requency d a t a .  

2Pauly,  D. 1981. Studying s ingle-spec ies  dynamics i n  a t r o p i c a l  
mu l t i spec ie s  contex t .  Prepared f o r  ICLARM/CSIRO Workshop on the  Theory and 
Management of T rop ica l  Mul t i spec ies  S tocks ,  12-23 January 1981, Cronul la ,  
A u s t r a l i a .  I n t e r n a t i o n a l  Center  f o r  Living Aquatic Resources Management, 
MCC P. 0. Box 1501, Makati, Metro Manila,  P h i l i p p i n e s ,  65 p .  
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While these  methods produced e s t ima tes  which can only r ep resen t  
rough approximations,  i t  appears  t h a t  t he  r e s u l t s  nonethe less  r ep resen t  
reasonable  f i r s t  approximations.  The approach descr ibed produced 
estimates of annual MSY ranging from 100,000 t o  200,000 kg (WPRFMC3). 
y i e l d  f o r  1981 w a s  300,000 kg; however, t he  s u b s t a n t i a l  dec l ine  i n  ca t ch  
ra te  and l o b s t e r  s i z e  sugges ts  t h a t  t h i s  y i e l d  i s  not  sus t a inab le .  Once 
t h e  F'MP i s  i n  fo rce  and commercial ca t ch  and e f f o r t  d a t a  can be c o l l e c t e d ,  
i t  is  a n t i c i p a t e d  t h a t  t hese  estimates w i l l  be rev ised .  

The 

Two d i f f i c u l t i e s  encountered i n  t h i s  a n a l y s i s  were the  ava i l -  
a b i l i t y  of only s h o r t  and sporadic  commercial ca t ch  and e f f o r t  da t a  and t h e  
d i f f i c u l t y  of ob ta in ing  p rec i se  estimates of growth parameters.  Both 
tagging da ta  and a n a l y s i s  of modes and modal progress ions  of length- 
frequency d a t a  were used t o  estimate growth parameters.  The tagging 
approach suf fered  from i n s u f f i c i e n t  recover ies  and r e l a t i v e l y  slow apparent  
growth f o r  t he  animals recovered poss ib ly  due t o  an e f f e c t  of tagging on 
growth. The a n a l y s i s  of length-frequency da ta  showed l a r g e  var iances  i n  
growth due t o  the  d i f f i c u l t y  i n  i d e n t i f y i n g  modes which was apparent ly  
caused by the  l a r g e  var iance  i n  s i z e  among l o b s t e r s  of the  same cohor t .  

B. Bottom F i shes  

The bottom f i s h  f i s h e r y  e x p l o i t s  a complex of spec ie s ,  e s p e c i a l l y  
snappers  (Pr i s t ipomoides  spp. ,  E t e l i s  spp. ,  and Aprion v i r e scens )  , bu t  
inc luding  a l s o  jacks  (Carangidae: Caranx spp. ,  Carangoides spp. ,  and 
S e r i o l a  dumer i l i )  and a grouper (Epinephelus quernus) .  The f i s h e r y  i s  
conducted i n  deep (60-340 m) of f shore  waters using ba i t ed  hook-and-line 
g e a r ,  and powered mechanical l ine-haulers  . 

Bottom f i s h e s  have been explo i ted  around both the  main Hawaiian 
I s l a n d s  and the  NWHI s i n c e  a t  least  1945. However, u n t i l  r e c e n t l y  only one 
v e s s e l  r egu la r ly  f i shed  i n  the  NWHI. Recently more commercial v e s s e l s  have 
begun exp lo i t i ng  bottom f i s h  s tocks  i n  the  NWHI bu t  the  da t a  base of c o w  
merc ia l  ca tch  and e f f o r t  f o r  the  NWHI i s  not  s u f f i c i e n t  t o  perform a 
stock-production a n a l y s i s .  
e f f o r t  da t a  around the  main Hawaiian I s l a n d s  is a v a i l a b l e  and a stock- 
product ion a n a l y s i s  of t he  bottom f i s h  resource  around the  main i s l a n d s  of 
t h e  S t a t e  w a s  completed using a 20-year series of ca t ch  d a t a  c o l l e c t e d  by 
t h e  H a w a i i  Div is ion  of Aquatic Resources (Rals ton  and Polovina i n  p r e s s ) .  
Although f i s h i n g  e f f o r t  s t a t i s t i c s  were not s p e c i f i c a l l y  maintained,  a 
computer program so r t ed  through the  da t a  base and t a l l i e d  the  number of 
fisherman-days expended each year i n  the  f i s h e r y .  
a mul t i spec ie s  f i s h e r y  and analyzed by a p p l i c a t i o n  of the  T o t a l  Biomass 
Schaefer  Model (TBSM) (Pope 1979) .  C lus t e r  a n a l y s i s  of the  da t a  showed 
t h a t  bottom f i s h  spec ie s  could convenient ly  be divided i n t o  t h r e e  somewhat 
d i s t i n c t  groups which appeared t o  be segregated on the  b a s i s  of depth and 
could be analyzed by the  use of TBSM. 
demonstrated t h a t  t he  c l u s t e r  groups provided a more accu ra t e  and biolog- 
i c a l l y  meaningful way of expressing product ion i n  a mul t i spec ie s  framework. 
The a n a l y s i s  a l s o  showed t h a t  t he  f i s h e r y  i s  c u r r e n t l y  c l o s e  t o  MSY. 

A l a r g e r  da t a  base f o r  commercial ca t ch  and 

The s tock  w a s  t r e a t e d  as 

Using aggregat ion theory  i t  w a s  

3Western P a c i f i c  Regional F i she ry  Management 
f i s h e r y  management plan,  May 1981, 208 p.  

Council. 1981. Draf t  
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The chief  l i a b i l i t y  of t h i s  s tudy w a s  t h a t  the  measure of f i s h i n g  
e f f o r t  which w a s  employed had t o  be determined a f t e r  t he  f a c t .  In t e rp re -  
t a t i o n  of t he  s t a t i s t i c  used became most d i f f i c u l t  as a r e s u l t .  Further- 
more, t h e  r e c r e a t i o n a l  ca t ch  of bottom f i s h  i n  H a w a i i  i s  unreported and 
thus  unaccounted f o r .  Consequently, estimates of su rp lus  product ion from 
t h i s  a n a l y s i s  can only be considered as a lower bound f o r  y i e l d  p o t e n t i a l .  

A y ie ld-per - recru i t  a n a l y s i s  of Pr i s t ipomoides  f i lamentosus  has  
a l s o  been completed. This  i s  the  most important spec ie s  i n  the  f i s h e r y  and 
i t  was s tudied  i n  some depth t o  complement the  r e s u l t s  of t h e  stock- 
product ion study. 
s p e c i e s ,  t he  dens i ty  of d a i l y  increments i n  s a g i t t a l  o t o l i t h s  was 
i n t e g r a t e d  t o  estimate age (Rals ton  and Miyamoto i n  p re s s ) .  The d a i l y  
p e r i o d i c i t y  of t he  increments w a s  va l ida t ed  by i n  vivo t e t r a c y c l i n e  
l a b e l i n g  of o t o l i t h s  and examination of s h i f t s  i n  f i e l d  sampled s ize-  
frequency d i s t r i b u t i o n .  An age-length key w a s  generated from reg res s ion  
s ta t is t ics  derived from the  est imated age-length da t a .  This  key w a s  then 
app l i ed  t o  length-frequency samples t o  estimate m o r t a l i t y  ra te  using the  
c a t c h  curve method. Experimental f i s h i n g  t r ia l s  were conducted t o  assess 
t h e  l i ke l ihood  of severe  s i z e  b i a s  i n  these  hook-and-line, samples. The 
y i e ld -pe r - r ec ru i t  c a l c u l a t i o n s  f o r  P. f i lamentosus showed t h a t  eumetric 
cond i t ions  c u r r e n t l y  p r e v a i l  f o r  thTs spec ies  a t  a r e l a t i v e l y  h igh  l e v e l  of 
y i e l d  (Rals ton  1981).  
f i nd ing  t h a t  the  f i s h e r y  is  now opera t ing  c l o s e  t o  i t s  MSY. 

I n  an i n v e s t i g a t i o n  of t he  growth dynamics of t h i s  

-- 

This  r e s u l t  i s  considered compatible wi th  the  

A major d i f f i c u l t y  i n  these  s t u d i e s  was the  labor- in tens ive  
na tu re  of working wi th  d a i l y  increments i n  o t o l i t h s .  
growth of P. f i lamentosus remains the  top ic  of ongoing s tudy ,  as i s  the  
growth of Dther  bottom f i s h  spec ie s .  
length-frequency samples of t hese  f i s h e s  would have been d e s i r a b l e .  

I n  t h i s  regard ,  t h e  

Furthermore,  more ex tens ive  

The r e s u l t s  of t hese  s tock  assessments have shown t h a t  t he  bottom 
f i s h  resources  of t he  main Hawaiian I s l and  are c u r r e n t l y  being i n t e n s i v e l y  
exp lo i t ed  and ye t  f u r t h e r  expansion of t he  f i s h e r y  i n t o  the  NWHI appears  
f e a s i b l e  on b i o l o g i c a l  grounds. Anc i l l a ry  s t u d i e s  concerning the  d i e t s  and 
f e c u n d i t i e s  of s e l ec t ed  bot  om f i s h  spec ie s  are a l s o  c u r r e n t l y  being 
pursued (Uchida e t  a l .  1979 ) and these  should assist i n  the  management of 
bottom f i s h  s tocks .  

8 

C. Hawaiian Monk S e a l  and Green T u r t l e  

Both the  Hawaiian monk seal and the  green t u r t l e  are pro tec ted  
under provis ions  of t h e  U.S. Endangered Spec ies  A c t .  Assessing t h e  s t a t u s  
of t h e i r  populat ions f o r  s tock  p r o t e c t i o n  and r e h a b i l i t a t i o n  i s  t h e r e f o r e  a 
major goal  of t he  Honolulu Laboratory.  

4Uchida, R. N . ,  B. M. I t o ,  and J .  H. Uchiyama. 1979. Survey of bottom 
f i s h  resource  i n  the  Northwestern Hawaiian I s l a n d s .  Southwest F ish .  Cent. 
Honolulu Lab., N a t l .  Mar. Fish .  Serv. ,  NOAA, Admin. Rep. H-79-20, 14  p .  
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The program f o r  assessment of green t u r t l e s  i s  i n  i t s  second 
year .  The long-range o b j e c t i v e s  are t o  ga the r  information on reproduct ive  
ecology, migra tory  p a t t e r n s ,  growth rates,  m o r t a l i t y  rates, and o the r  l i f e  
h i s t o r y  c h a r a c t e r i s t i c s  which w i l l  lead t o  an understanding of t u r t l e  pop- 
u l a t i o n  dynamics. Mark-and-recapture techniques w i l l  be used ex tens ive ly .  
Metal f l i p p e r  t ags  have been appl ied by non-NMFS b i o l o g i s t s  t o  over 1,100 
t u r t l e s  s i n c e  1973, but  mostly t o  a d u l t  animals i n  the  NWHI. I n  1981 NMFS 
s c i e n t i s t s  experimented wi th  tagging of green t u r t l e  ha t ch l ings  using auto- 
t r ansp lan ted  t i s s u e  plugs.  Resu l t s  were very promising, so i n  1982 t h e  
Honolulu Laboratory w i l l  mark seve ra l  hundred ha tch l ings  with reversed 
s c u t e  plugs as they l eave  t h e i r  n e s t s  a t  French F r i g a t e  Shoals .  

Honolulu Laboratory r e sea rch  on the  Hawaiian monk seal is a l s o  i n  
i t s  second year .  Pas t  work has been c a r r i e d  on by s c i e n t i s t s  from t h e  
Department of t he  I n t e r i o r ,  t h e  Department of Commerce, and by r e sea rche r s  
on c o n t r a c t  t o  the  Honolulu Laboratory and t o  the  Marine Mammal Commission. 

P a r t  of the  1981 program involved the  development and implementa- 
t i o n  of a recovery plan f o r  the monk seal populat ion,  and t h i s  included an 
o u t l i n e  of research  needs f o r  s tock  assessment and an understanding of seal  
popula t ion  dynamics. A v a r i e t y  of assessment techniques might be employed, 
inc luding  aer ia l  and ground counts  t o  develop abundance ind ices  and 
mark-and-recapture methods using n a t u r a l  marks, b leach  marks, o r  t ags .  

During 1982 a p i l o t  tagging p ro jec t  a t  L i s i a n s k i  I s l a n d  w i l l  be 
undertaken t o  test the  s u i t a b i l i t y  of p l a s t i c  ca t t l e  t ags  appl ied  t o  the  
hind f l i p p e r s  of about 15  weaned monk seal pups. The tagged pups w i l l  a l s o  
be bleach marked, as w i l l  an equal  number of untagged pups. Data w i l l  be 
c o l l e c t e d  on temporal and s p a t i a l  a spec t s  of haul-out behavior ,  i n t e r -  and 
i n t r a - s p e c i f i c  i n t e r a c t i o n s ,  and on o the r  a spec t s  of t h e i r  e a r l y  l i f e  
h i s t o r y .  I f  t he  e f f e c t s  of t h e  tagging procedure and the  presence of t h e  
t a g s  are judged t o  be i n s i g n i f i c a n t ,  a pup tagging program throughout t he  
breeding range of t he  Hawaiian monk seal w i l l  be proposed f o r  1983. 

Tags may a l s o  be appl ied t o  a d u l t  seals i n  f u t u r e  research .  The 
tagging s t u d i e s  w i l l  produce c r i t i c a l  information on age- and sex-spec i f ic  
m o r t a l i t y  rates, age a t  f i r s t  reproduct ion,  reproduct ion rates, i n t e r i s l a n d  
movement, and populat ion s i z e .  
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